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	 Summary
	 Background:	 To evaluate the value of diffusion-weighted imaging (DWI) for distinguishing between benign and 

malignant renal masses.

	 Material/Methods:	 Seventy-five patients with 75 unilateral renal lesions were included, and 75 normal contralateral 
kidneys served as controls. The lesions were categorized into four groups as malignant cystic, 
malignant solid, benign cystic and benign solid. The apparent diffusion coefficients (ADCs) were 
evaluated for two different b values (b=600 s/mm2 and b=1000 s/mm2). Receiving operating 
characteristic analysis was performed to identify threshold ADCs.

	 Results:	 Sensitivity and specificity were 67% and 77% (p=0.003) at the cutoff value of 1.5 for b=600 s/mm2, 
and 79% and 62% (p=0.004) at the cutoff value of 1.99 for b=1000 s/mm2 as regards the 
differentiation between solid benign and malignant renal lesions. Sensitivity and specificity were 
78% and 79% (p=0.001) at the cutoff value of 3.1 for b=600 s/mm2, and 86% and 61% (p=0.003) 
at the cutoff value of 2.9 for b=1000 s/mm2 as regrads the differentiation between benign and 
malignant cystic renal lesions.

	 Conclusions:	 DWI can be an effective diagnostic method for distinguishing between benign and malignant renal 
masses.
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Background

Magnetic resonance imaging (MRI) is a useful diagnos-
tic mdoality for evaluating renal masses. It offers a high 
contrast resolution, provides triplanar images and displays 
characteristics of soft tissues [1,2]. Primary renal masses 
of benign and malignant etiology can be cystic or solid. 
However, a renal mass with necrotic or cystic components 
may reveal scant or no contrast enhancement. Thus, some 
renal tumors may mimick benign, complex kidney cysts on 
conventional MRI sequences [3].

Diffusion-weighted imaging (DWI) is a noninvasive method 
that is based on the movement of water molecules across 
tissues.The sensitivity of DWI changes depending of dif-
ferent b values. The term “b value” indicates the power of 
the diffusion sensitizer gradient [3]. Detection of a greater 
signal loss with higher b values suggests that diffusion is 
not only under the influence of water molecules, but it may 
also be affected by tissue perfusion. Diffusion-weighted 
imaging and the apparent diffusion coefficient (ADC) may 
provide additional information to that obtained from con-
ventional MRI. In the current literature, there is scarce 
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data on the application of DWI for the assessment of renal 
masses [4–6].

The aim of the present study was to investigate the value 
of DWI and the ADC in the differential diagnosis of benign 
and malignant renal masses.

Material and Methods

Patients

The study was conducted according to the principles 
of the Helsinki Declaration and approved by the local 
Institutional Review Board. Written informed consent was 
obtained from all subjects. This study involved 80 patients, 
aged 20 to 82 years. All patients had been diagnosed with 
renal masses by abdominal ultrasound and abdominal com-
puted tomography (CT), and abdominal MRI and DWI were 
performed routinely. The study excluded three participants 
who were unable to keep breathing and two patients who 
were noncompliant with the protocol.

The diagnoses of renal cell carcinoma (RCC), malignant 
mesenchymal tumor, transitional cell carcinoma, abscess, 
oncocytoma and undifferentiated carcinoma were made 
histopathologically after resection. Patients with simple 
cysts, hemorrhagic cysts and renal angiomyolipoma (AML) 
who had not been operated on and existed in addition to 
typical imaging findings were followed up.. The mean 
duration of follow-up was 36 months.

Magnetic resonance imaging

Magnetic resonance imaging (MRI) was performed using 
a 1.5-T scanner (Gyroscan Intera; Philips, Best, The 
Netherlands) with a maximal gradient strength of 30 mT/m 
and a slew rate of 120 mT/m/ms using a phased-array coil. 
The imaging procedure was implemented as reported in the 
relevant literature [4]. Before DWI, axial spoiled gradient-
echo (fast-field echo) T1-weighted (TR/TE: 169/4, section 
thickness: 7 mm, intersection gap: 1 mm), gradient-echo 
T1-weighted in-phase and out-of-phase (TR/TE: 80/4.2–3.6) 
and axial turbo spin-echo T2-weighted sequences with fat 
saturation (TR/TE: 700/80, section thickness: 7 mm, inter-
section gap: 1 mm) were performed. Transverse breath-
hold DWI was performed using a single-shot spin-echo 
echo-planar sequence (TR: 3656 ms, TE: 89 ms [b=1000 
s/mm2], TR: 2673, TE: 60 [b=600 s/mm2], matrix: 128×256, 
field of view: 35–40 cm, section thickness: 7 mm, inter-
section gap: 1 mm). Before contrast material was admin-
istered, b values were set at 0. 600 and 1000 s/mm2. The 
apparent diffusion coefficient (ADC) maps were recon-
structed at a workstation (View Forum R4.1; Philips). After 
DWI, contrast-enhanced dynamic imaging was performed 
with an axial gradient-echo T1-weighted MRI sequence 
after the administration of gadopentetate dimeglumine at 
a dose of 0.1 mmol/kg of body weight as a bolus injection at 
30 s, 60 s, 120 s and 5 min.

Image analysis

Two radiologists (10 and 8 years of experience of abdominal 
radiology) who were blinded to the histopathologic analysis 

and radiologic follow-up results manually defined multi-
ple regions of interest (ROIs) together at the workstation. 
First, they established the largest available ROIs on the 
renal masses to calculate ADCs of the entire lesions, which 
included solid and cystic areas. The renal masses that con-
tained both enhancing viable solid tissue and nonenhancing 
necrotic or cystic areas were defined on the unenhanced 
and contrast-enhanced T1-weighted images and the sub-
tracted images. Depending on the lesion size, the ROIs were 
outlined in up to three sections for each renal mass and 
each viable solid area or necrotic or cystic tumor region. 
When more than one ROI was placed in a mass or area, 
the mean ADC was measured and indicated as the ADC for 
that mass or area. The DWI images, including the images 
obtained with b values of 600 and 1000 s/mm2, were evalu-
ated by both radiologists together. The ADCs were calcu-
lated from each lesion for both b=600 and b=1000 s/mm2 
gradient values using three circumferential ROIs. The ROIs 
were placed in the normal parenchyma of each kidney to 
define the ADC. The ADCs of the normal kidney parenchy-
ma for the different b values were measured and compared 
with the ADCs of the renal masses.

Statistical analysis

Data were analyzed using the IBM Statistical Package for 
Social Sciences v16 (SPSS Inc., Chicago, IL, USA). A normal 
distribution of the quantitative data was checked using the 
Kolmogorov-Smirnov test. Parametric tests were applied to 
normally distrubuted data and otherwise non-parametric 
tests were used. The unpaired Student’s t-test was used 
to determine the significance of the differences in ADCs 
between benign solid and malignant solid renal lesions as 
well as between benign cystic and malignant cystic renal 
lesions. The receiver-operating characteristic (ROC) curve 
method was used to identify a suitable cutoff for the diag-
nostic tests. The ROC analysis was applied twice: first for 
all lesions including AMLs and then for all lesions exclud-
ing AMLs. Group comparisons were evaluated using the 
unpaired Student’s t-test. A p-value of <0.05 was consid-
ered to indicate statistical significance. The sensitivity and 
specificity values for distinguishing benign renal lesions 
from malignant lesions using DWI, including images with b 
values of 600 and 1000 s/mm2, were measured.

Results

The renal lesions were categorized into malignant cystic, 
malignant solid, benign cystic and benign solid groups. The 
malignant solid lesions included RCC (n=34), transitional 
cell carcinoma (n=7) (Figure 1), MMT (n=1) and undiffer-
entiated carcinoma (n=1). The benign solid lesions includ-
ed AML (n=7), oncocytoma (n=7) and an abscess capsule 
(n=1). The malignant cystic lesions included RCC with 
cystic or necrotic areas (n=11), cystic RCC (n=2) (Figure 2) 
and MMT with cystic or necrotic areas (n=1). The benign 
cystic lesions consisted of simple cysts (n=16), hemorrhagic 
cysts (n=1) and a central area abscess (n=1).

The mean ADCs of normal kidney parenchyma using 
b=600 and 1000 s/mm2 were 2.50±0.33×10−3 mm2/s and 
2.25±0.44×10−3 mm2/s, respectively. Table 1 shows the 
mean ADCs of the solid malignant and solid benign renal 
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lesions. ROC analysis was implemented for both b=600 
and b=1000 s/mm2. When AMLs were included, the sensi-
tivity and specificity values were 67% and 77% (p=0.003) 
at the critical value of 1.5 for b=600 s/mm2, whereas 
they were 79% and 62% (p=0.004) at the critical value 
of 1.99 for b=1000 s/mm2. When AMLs were not taken 
into account, the sensitivity and specificity values were 
67% and 83% (p=0.001) at the critical value of 1.5 for 

b=600 s/mm2, while they were 81% and 83% (p=0.001), 
respectively at the critical value of 1.49 for b=1000 s/mm2 
(Figure 3). ROC analysis exhibited 95% confidence intervals 
of 0.734 to 0.843 for b=600 s/mm2 and 0.753 to 0.668 for 
b=1000 s/mm2, if AMLs were excluded.

Table 2 displays the mean ADC values for benign and malig-
nant cystic renal lesions. ROC analysis was performed for 

Figure 1. �A 66-year-old man with transitional cell carcinoma in the right kidney. (A) T2-weighted axial image shows an isointense right renal pelvic 
mass. (B) Gadolinium-enhanced fat-suppressed T1-weighted magnetic resonance image demonstrates enhanced right renal pelvic mass. 
(C, D) Axial diffusion-weighted images with b values of 600 and 1000 s/mm2 show markedly high signal intensity. (E, F) The apparent 
diffusion coefficients are 1.3×10−3 and 1.03×10−3 mm2/s at b=600 and 1000 s/mm2, respectively.

A

C

E

B

D

F

© Pol J Radiol, 2017; 82: 209-215 Öztürk M. et al. – Usefulness of apparent diffusion coefficient…

211



b=600 and 1000 s/mm2. The sensitivity and specificity val-
ues were 78% and 79% (p=0.001) at the critical value of 3.1 
for b=600 s/mm2. They were 86% and 61% (p=0.003)at the 
critical value of 2.9 for b=1000 s/mm2, respectively.

Discussion

The current study was carried out in order to assess ADC 
values, derived form diffusion-weighted imaging (DWI,) in 
distinguishing between benign and malignant renal mass-
es. Our results showed that ADC can be a useful parameter 
for discriminating malignant lesions in both cystic or solid 
renal masses.

Figure 2. �A 38-year-old woman with cystic renal cell carcinoma in the right kidney. (A) T2-weighted coronal image shows a cystic mass. 
(B) Gadolinium-enhanced T1-weighted magnetic resonance image demonstrates a complex cystic mass that contains an enhanced 
wall and numerous septae. (C, D) Axial diffusion-weighted images at b values of 600 and 1000 s/mm2 show increased signal intensity. 
(E, F) The apparent diffusion coefficients are 2.23×10−3 and 2.03×10−3 mm2/s at b = 600 and 1000 s/mm2, respectively.
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Diffusion-weighted imaging (DWI) is based on the random 
motion of water molecules. The extent of tissue cellularity 
and the presence of intact cell membrane help to outline 
the impedance of water molecule diffusion. This impedance 
of water molecule diffusion can be quantitatively assessed 
using ADC values [7].

Angiomyolipoma and oncocytoma are the main benign, 
solid renal masses, while the common malignant tumors 
of the kidney are RCC, transitional cell carcinoma and lym-
phoma. In 1986, Bosniak created a classification system 
for renal cystic lesions that necessitate surgical treatment 
[8]. Even though the Bosniak renal cyst classification sys-
tem was based on CT findings only, CT and MRI images of 
the vast majority of cystic renal masses exhibited similar 
results [9]. Benign cystic masses are mostly asymptomatic 

and they are frequently diagnosed incidentally. However, 
RCC and loculated infections must be included in the dif-
ferential diagnosis of such lesions. Ultrasound, CT and MRI 
can be used alone or in combination for characterization of 
solid or cystic renal masses [10,11].

The movement of water molecules, owing to the effect 
of heat on biological tissues, is termed as diffusion or 
Brownian motion. Diffusion of the microscopic movement 
of water molecules in the human body is dependent on 
blood and microcirculation (perfusion) in capillaries. The 
diffusion coefficient, which is linked to the movement at 
the molecular level, is under the influence of intracellular 
organelles, macromolecules, membranes, viscosity, envi-
ronmental temperature and magnetic sensitivity of tissues. 
Therefore, ADC maps can be used instead of the diffusion 
coefficient [12]. Physiological artifacts resulting from intes-
tinal peristalsis, cardiac pulsation and respiratory move-
ments have been reduced with the development of DWI 
echo-planar imaging techniques. DWI is a rapid process 
that does not require contrast material, which provides 
additional significant qualitative and quantitative informa-
tion to the conventional imaging sequences. Thus, it is par-
ticularly advantageous for patients with renal insufficiency 
and patients at risk of nephrogenic systemic fibrosis [13].

In previous studies, ADCs of normal parenchyma were 
found to be 1.78 to 3.56×10−3 mm2/s using different b 
values (such as 600, 800, and 1000 s/mm2). In the present 
study, the ADC values (2.50±0.33×10−3 mm2/s at b=600 s/
mm2; 2.25±0.44×10−3 mm2/s at b=1000 s/mm2) were simi-
lar to those in the relevant literature. Numerical differenc-
es in ADCs can be attributed to methodological and techni-
cal variables, changes in gradient, imaging techniques and 
selection of different b values [14–16].

In recent studies on solid masses that used b=500 
s/mm2, ADCs were found to be 1.55±0.20×10−3 mm2/s 
and 1.7×0.48×10−3 mm2/s [17,18]. In another study 
using b=800 s/mm2, ADC was 1.88±0.21×10−3 mm2/s for 
all malignant solid masses [19]. Doğanay et al. [20] con-
ducted studies using low (100 s/mm2) and high (600 and 
1000 s/mm2) b values, and all masses were separated 

Solid renal lesions b=600 (×10−3 mm2/s) b=1000 (×10−3 mm2/s)

Solid- malignant lesions (n=43) 1.45± 0.49 1.33± 0.49

Solid-benign lesions (n=13) 1.85± 0.50 1.61± 0.59 

P value 0.015 0.017

Table 1. Mean apparent diffusion coefficients (ADCs) of the solid-malignant and solid-benign renal lesion areas.

Cystic renal lesions areas b=600 (×10−3 mm2/s) b=1000 (×10−3 mm2/s)

Cystic-malignant lesions (n=14) 2.72±0.49 2.49±0.44

Cystic-benign renal lesions (n=18) 3.58±0.83 3.08±0.86

P value 0.001 0.001

Table 2. Mean apparent diffusion coefficients (ADCs) of the cystic-malignant and cystic-benign renal lesion areas.
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Figure 3. �Receiver operating characteristic curve for apparent 
diffusion coefficients. The area under the curve represents 
the probability that a lesion will be classified as solid, 
benign or solid, malignant with respect to the apparent 
diffusion coefficient with a b value of 1000 s/mm² is 1.49 
(renal angiomyolipomas were excluded).
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into two groups of malignant or benign tumors with-
out discrimination between solid and cystic lesions. 
For benign cysts (n=35), the ADCs at b=100, 600 and 
1000 s/mm2 were 2.88±0.88×10−3, 2.58±0.91×10−3 and 
2.10±0.93×10−3 mm2/s, respectively. In the malignant 
masses, the ADCs at b=100, 600 and 1000 s/mm2 were 
2.74±0.58×10−3, 2.09±0.91×10−3 and 1.66±0.51×10−3 
mm2/s, respectively. The difference between the ADCs 
measured at b=600 and 100 s/mm2 was statistically sig-
nificant. Nevertheless, there was no statistically significant 
difference for ADC values at b=1000 s/mm2.

In contrast to previous studies, all masses in the present 
study were separated into four groups as benign cystic, 
malignant cystic, benign solid and malignant solid. The 
ADCs of the benign solid masses at b=600 and 1000 s/mm2 
were higher than those of the malignant solid masses. The 
difference in the ADCs was associated with the fact that 
malignant lesions contain more cells than benign lesions. 
In several studies, the ADCs of AML were reported as 1.23 
to 1.81×10−3 mm2/s, which is less than in RCC and normal 
kidney parenchyma [4,21,22]. In the current study, the ADC 
was 1.79±0.17×10−3 mm2/s. Diffusion may be restricted 
in AML due to a high muscle and adipose content. This is 
important since lesions with low ADCs may mimick malig-
nant lesions. Consequently, the ROC analyses of the cur-
rent study were applied twice: initially, the AML values 
were included, and were later excluded. The highest values 
were noted in the ROC analyses conducted at b=1000 s/
mm2, excluding the AML values (sensitivity 81%, specificity 
83%). These data imply that a diagnosis of AML can be con-
firmed using other methods such as CT or in-phase/out-of-
phase MRI. Hence, DWI examinations should exclude AML 
particularly for distinguishing benign and malignant solid 
renal masses [4,22].

Zhang et al. reported that ADC was 2.2±0.63×10−3 mm2/s 
at b=500 s/mm2 in malignant necrotic or cystic tumor 
areas and 3.26±0.61×10−3 mm2/s in benign cysts [4]. 
Doğanay et al. found that ADC was 2.52±0.52×10−3 mm2/s 
in cystic RCC and 3.26±0.49×10−3 mm2/s in benign cysts 
[20]. In a study where the b value was 800 s/mm2 (17), the 

ADC of cystic RCC was 2.02±0.12×10−3 mm2/s and the 
ADC of benign cysts was 2.76±0.32×10−3 mm2/s with a 
threshold value of 2.22×10−3 mm2/s. The sensitivity and 
specificity values were 94% and 87%, respectively. In a 
study using b=500 and 1000 s/mm2, Inci et al. found that 
the ADCs of Bosniak category I cysts were higher than 
those of Bosniak categories II and III [14]. In the present 
study, cystic masses were separated into malignant and 
benign groups and such a divison was not used in previ-
ous studies. However, our findings are consistent with 
previous publications. Benign cystic lesions had increased 
ADCs compared to malignant cystic lesions possibly due to 
the cellular, necrotic and blood content of the tissue. This 
finding is particularly important for the diagnosis of cystic 
masses where contrast agent cannot be introduced, optimal 
contrast imaging cannot be accomplished or the mural nod-
ule cannot be clearly visualized.

In a recent publication, DWI has been utilized for kidneys 
after transplantation and the most useful parameter was 
ADC in the renal cortex, whichwas associated with glomer-
ular filtration rate. We foresee that the use of DWI and ADC 
for renal pathologies may become more popular in the near 
future [23].

The present study has some limitations. First, the mainstay 
of diagnosis for a benign lesion was based on a prolonged 
stable follow-up. Second, our sample size in each subgroup 
is relatively small. Third, technical limitations of DWI such 
as poor anatomical localization and insufficient spatial res-
olution must be kept in mind. In particular, the use of a 
high b value may have resulted in a lower signal-to-noise 
ratio and increased anatomic distortion.

Conclusions

In conclusion, we suggest that ADC derived from DWI can 
be a useful alternative in the evaluation of renal masses, 
especially for distinguishing between cystic benign lesions 
from cystic RCC. Thanks to its speed and no need for a con-
trast agent, DWI may aid in the discrimination between 
benign and malignant lesions of solid or cystic content.
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